Objective: The present study is an attempt to develop a method to determine sex from the skull with lateral cephalometric radiograph using discriminant function analysis.
INTRODUCTION
Human identification is one of the most challenging subjects that man has confronted. Identity is a set of physical characteristics, functional or psychic, normal or pathological, that define an individual. Human identification is a universal process based on scientific principles, mainly involving finger printing, the objective of which is to identify and register individuals for both civil and criminal identification purposes. The application of the knowledge of physical anthropology for the purpose of forensic medicine constitutes forensic anthropology. 1 The identification of human remains, when it is not possible to apply the scientific method of fingerprint identification, demands a forensic medicine investigation. The skill process, carried out by a coroner using knowledge of other professional areas, characterizes the medicolegal identification and is based on the application of knowledge of forensic anthropology. 2 The determination of sex of skeleton represents an important stage in execution of the forensic anthropological examination. The studies for sex determination are based on the dimorphism between the sexes that is present in the majority of human bones. 1, 2 The determination of sex, age and race is 100% using skeleton [3] [4] [5] [6] [7] , 95% reliable when using the pelvis alone, 8, 9 92% using the skull alone 10 and 98% using the pelvis and skull. 8, 9 Skull is probably the second best region of the skeleton to determine the sex since skull is composed of hard tissue and is the best preserved part of skeleton after death; hence, in many cases it is the only available part for forensic examination. [5] [6] [7] When skulls are placed on flat surface, the male skulls rest on the mastoid process, while female skulls rest on the occipital condyles or other portions of the skull. 1 Physical anthropologists and anatomists develop the branch of anthropometrics known as craniometry or cephalometry. With the discovery of X-rays and with the advent of cephalometry by Broabdent, 11 the use of cephalometric radiographs increased in clinical and research of craniofacial growth. 1, 2 It is ideal for the skull examination as it gives details of various anatomical points in a single radiograph and it easily provides architectural and morphological details of skull superstructures and intracranial details for comparisons.
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The craniofacial research advanced from craniometry (measuring the dry skull) or cephalometry (measuring the living skull, head) to radiographic cephalometry (measuring the tracing of an X-ray film of the head). [4] [5] [6] In general, male skulls are identifiable by being more robust; the female skull is characterized by a weaker development of its superstructures. All bony ridges, crests and processes are smaller and smoother in the female skull than in the male skull, especially true for the temporal line, mastoid processes, nuchal lines, external occipital protuberance and superciliary arches or ridges. 11, 12 The lack or weaker development of frontal and occipital superstructures also gives a fairly characteristic difference in the profile of female and male criteria. 13 The methods of sex determination on skull are obviously imperfect; although efforts are constantly being expanded to improve them. 7, 8 Discriminant function analysis is a statistical technique that enables the researcher to examine the relationships among two or more groups based on any number of variables simultaneously, and is used to predict group membership from a set of predictors and to classify cases into the values of a categorical dependent, usually a dichotomy. Discriminant function analysis is increasingly utilized for sex diagnosis of skeleton measurements. 2, 14 Hence, the present study is undertaken to evaluate the sex determination technique from the skull using lateral cephalometry and discriminant function analysis, and is an attempt to develop a technique to determine the sex from the skull using lateral cephalometric radiograph and discriminant function analysis.
MATERIALS AND METHODS
Lateral cephalometric radiographs ( Fig. 1 ) of 100 adults were chosen randomly comprised of 50 Indian adult men and 50 women, from the files of Department of Oral Medicine and Radiology and Department of Orthodontics, VS Dental College and Hospital, Bengaluru. The radiographs were of high quality. Each film was traced using a 4H pencil on acetate tracing paper and cephalometric landmarks (Table 1 and Fig. 2) were determined, using these landmarks six planes were identified, nine linear, five angular and one proportional, a total of 15 cephalometric variables (Table 2 and Figs 3 to 5) were measured.
The cephalometric data were treated using the statistical procedures for social services (SPSS) discriminant functional analysis; the resulting estimates can be strongly optimistically biased. One way to reduce classification bias is by the cross validation, leaving one out method. Frequently, it is referred to as a jackknife procedure. Originally proposed by Lachenbruch, it involves leaving out each of the cases in turn, calculating the function based on the remaining n-1 cases, and then the classification the left out case. Combination of variables were attempted to provide the best possible accuracy of sex determination. The combination of variables included were all cephalometric variables, i.e. linear, angular and proportion, only linear cephalometric variables, only angular cephalometric variables and only proportional were considered, only those significant angular and linear cephalometric variables were considered. Point where the line that connects the highest points of the frontal eminences crosses the sagittal plane G (Glabella)
Most anterior point in the midsagittal plane between the superciliary arches Sg (Supraglabellare)
Most posterior midline point in the supraglabellar fossa, the concavity between glabella and metopion N (Nasion)
Most anterior point on the frontonasal suture in the midsagittal plane V1
Upper parameter of the frontal sinus cavity V2
Lower parameter of the frontal sinus cavity H1
Anterior parameter of the frontal sinus cavity on bregma to nasion line, the line from the inner location of bregma to nasion H2
Posterior parameter of the frontal sinus cavity on bregma to nasion line, the line from the inner location of bregma to nasion S (Sella) Midpoint of sella turcia, hypophyseal fossa Or (Orbitale)
Lower parameter on the lower margin of the bony orbit Po Glabella-metopion to basion-nasion (BaN) GSgM Metopion-supraglabellare to supraglabellare-glabella SNAr Sella-nasion to articulare GPI (%) Glabella projection index = (glabella to supraglabellare-nasion) × 100/(supraglabellare to nasion) 
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RESULTS
The descriptive statistics of 15 cephalometric variables of the sample of 100 Indian adults is presented in Table 3 . The mean differences for all measurements were statistically significant.
Mean male values for all angular measurements were smaller than female values, but mean male values for all linear measurements and proportional measurement were larger than female values. Univariate F-tests of the mean differences between the sexes indicate that the sexes should be discriminable with respect to all measurements. Because there are two groups, the F-value is just the square of the t-value form the two sample t-test. Another statistic displayed in the Table is Wilks lambda, sometimes called the U-statistic. Table 4 shows the percentage of individuals sexed correctly according to discriminant functions. The model with all the 15 cephalometric variables angular, linear and proportion included can classify 84% of the sexes correctly. The model with all angular cephalometric variables can classify 73% of the sexes correctly, with all the linear cephalometric variables included can classify 80% of the sexes correctly and only proportion cephalometric variable can classify 74% of the sexes correctly.
When only those significant angular cephalometric variables were included, can classify 69% of the sexes correctly and finally when only those significant linear cephalometric variables included, can classify 78.4% of sexes correctly. Only the linear measurement GSgN can classify 75% of sexes correctly followed with proportional can classify 74%, followed with CBL which alone can classify 63% of sexes correctly.
DISCUSSION
Sex determination of unidentified human remains is very important in forensic medicine, medicolegal cases and forensic anthropology. The identification of sex from adult human remains is highly reliable if the complete skeleton is available for analysis. However, finding a wholly intact skeleton is not always likely, for this reason it has become important to develop sex discriminant function for each bone. 2 Using adult human pelvis bone alone, the accuracy of sex determination reported to be 90 to 100%, making it the most preferred bone for sex determination. Next to pelvis, the skull is the most easily sexed portion of the skeleton.
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Sex determination is done mainly by two approaches the first one is based on visual assessment of the shape and relative proportion of sexually dimorphic features, morphological traits and the second one is a metric approach. Numerous morphological and morphometric studies have been published on sex determination from crania. In general, superciliary ridges, frontal sinuses, external occipital ridges, frontal sinuses are prominent and robust in men. 2, 4, 7, 14 Almost all the structures according to which sex can be determined visually with much confidence. Evaluation of morphological traits is considered more subjective and depends on the experience of the investigator. Methods 9, 10, 13 The metric approach of sex determination is more objective and less dependent on observer's experience. Its replicability is high and it is more amenable to statistical analysis facilitating between sample and study comparison which result in low levels of intra and interobserver error and produce fewer indeterminate cases. 2 However, it demands an identifiable and unambiguous osterometric landmark. Although morphometric traits are more objective, a random set of measurements may not invariably be conclusive. 8 The most widely used statistical technique has been multivariate discriminant analysis of sex determination for skeletal measurements. 13 Discriminant analysis is used to classify individuals into two or more alternative groups on the basis of a set or measurements. These techniques can also be used to identify which variables contribute to making the classification. Hence, discriminant function analysis may serve as an entirely objective statistical technique for sex determination. 2 In the present study, superciliary ridges (glabella), supraglabellare, frontal sinuses, mastoid process (mastoidale), porion were adopted as objects of lateral radiographic cephalometric measurements choosing sella to nasion, Frankfort horizontal plane and the basion to nasion line as reference lines or planes, commonly used in lateral cephalometric analysis.
The sample used in the study comprised of 50 Indian adult men and 50 women, chosen randomly, each lateral cephalometric radiographic film was traced using a 4H pencil on acetate tracing paper and the landmarks were identified, using the above cephalometric landmarks, six planes were identified, nine linear and five angular and one proportional were measured. The data collected was subjected to statistical analysis using SPSS discriminant function analysis and combination of cephalometric variables were attempted to provide the best possible accuracy of sex determination.
According to discriminant functions created from 15 established variables, a total of 100 cases were classified into two sexual groups with 84% of accuracy. Among the four angular lateral cephalometric variables the GMSN alone showed the greatest efficiency as a single discriminator with 73% accuracy. Among the nine linear lateral cephalometric variables the GSgN showed 69% accuracy, the proportional alone classified with 74% accuracy. Only those significant angular lateral cephalometric variables were included the percentage of sex determination is 69% when only those significant linear lateral cephalometric variables included the percentage of sex determination is 78.4%. Among the 15 lateral cephalometric variables, the GSgN alone showed the greatest efficiency as a single discriminator with 75% of accuracy. It was possible to determine the sex of the sample with 74% accuracy using the proportional alone. From the results of the present study, it may be concluded that sex determination can be done with greater reliability.
FUTURE STUDY
We obtained greater reliability of sex determination from skulls with perfect accuracy in this work with radiographic cephalometry and discriminant analysis. In future work, the same research methods would be applied to radiographic cephalometry of the skulls in another test samples to confirm the reliability of the model of sex assignment.
